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Abstract 
Refraction and reflection seismic studies were 
made on the route between from Station 
No. 102 and Station No. 227 during the trip 
across the Yamato Mountains (See Fig. 1). 
We used the seismic equipment with 24 re­
cording channels and geophones having the 
natural frequency of 20 cps (type M-3), sup­
plied by the Electro-Technical Labs. It was 
mounted on a caboose hauled by a snow-car, 
as shown in Figs. 2 and 3. The 12 geophones 
were placed at intervals of 20 m, straightly 
along the traverse route. The shots for the 
reflection shooting ranged from 1 to 2 kg of 
TNT placed in 2 shot-holes, drilled 1 or 2 m 
apart at depths between 4 m and 6 m in the 
center of the 12 geophones. 
Velocity variation with depth for P wave 
was calculated for Station No. 95 using the 
equation: 
h=- cosh- 1 --Q._ dx, 1sn V 
1r o Vx 
where h=depth at which velocity V n occurs; 
x = horizontal distance; V x = velocities from 
travel time curve in Fig. 6. The travel time 
curve was plotted from the results of refrac­
tion shooting at Station No. 95. 
Fig. 7 shows variation of the velocity of P 
wave with depth. Further, from the curve, 
density variation with depth in neve was 
deduced by the equation: 
where p is density in g/cm3 and Vp is velocity 
of P wave in m/s. The result is shown in 
Fig. 12. As is known from the figure the 
rate of increase of density with depth in this 
area is larger than in the Ross Shelf and 
Queen Maud Land. 
The reflection shooting was performed at 
intervals of 10 km on the route of 270 km in 
total length. Ice thickness profile obtained 
from the seismic prospecting is shown in 
Fig. 10. As seen in this figure, 3 deep valleys 
were detected beneath the traverse route. 
These may be the sources of the Shirase 
Glacier. 
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Fig. 4. Characteristics of amplifier 
filter circuits. Attenuation ratio: 
24 :db octave fraction of critical 
damping: 0.6. 
o)--r:., :l:lhii��r: J: 01.K )1jl tFI 1.HIH:trnn::.!c LJ: J: 3 v::., 
�i tiliIDl\iJ)G*"1270km O)frm::.�Jt0t-:. WVJliJiU;t;t., 
- HB'v'v::. 10km ::: t v::. t 0 td1�, 1.1:Jmv::.;};:;1,r,·n:t, 
ili:l:fu � ft. 0 «: < 1P < ¥1J� t" 0 t� cl) v::. 30km :: t v::.:{jjl 
mu L 11im--c:. �r:rtxiJ) t.J-:twi!1Jl1J,#, 2:' 3 c!)-C.\r, 0 t�. 1.K 
}IjlO):(jjlyJllJv::. v:tlxMi* 2:' J-§ \r ,, 12 1lfil 0)1!7!J.il�1f v:t 20m 0) 
Fsi�;--c:.'mv::. ;t.,- r tG-v 'v::.�ellii: L ts:. �M t#JitJllJl:.!O) r:p 
�' 1!7!•tt 6 ii t 7 ii t 0) Fsiv::., �:ii 4m O)� � --r:. 
,; 
lm Fsi�;v::. 2 Ml, 1Jl1Jrlv::.1B-0 -c.i�vt, 1kg f �O)�� 
2:' ffi \r ' ts: . 
1!7!.aittO) t±1.n1t�v::. vi, � 1 � 0) J: '5 ft. mixing 2:' 
fitt. 0 ts:• 
:1:t�ittO) 7 1 ;t., J' -l�'l:iv:t?g 4 �v::.ffe-r J: 3 tt. t 0) 
m 5 � WUJliJ,1'.i, No.95 v:tnt QJtiHJf�O)iJUJ!IJ!c� 
Fig. 5. Refraction shooting records at Station No.95. 
40 -:& 1 1 
j(ffi1](i=J:=i-c 0) P 1to)�J3tO)fil[R5}:1'1 �3:/to6 �d:o0r:, MW[JJ,i{;i, No. 95 OK�1HIJ5E �J}ijt£ij Lt� 
J5UMIJ,il No. 102 J: VJ 14km �t:O):J:-tJ!.iU c: JwtJ-T'tBlO)iJ!1WliJ�fitce 0 t�. �lt'1�0)iciiiJO) 1 tl��m 5 
250 
i 200 
0 
<J 
(l) 
� 150 
·@ 
.s 100 
b 50 
Distance in meters 
CT?J, -:. h?J) G 1l G h t�JE�B±It* �qi; 6 � r:ffi 
-t . 1 [ill 0) 1lilJ t&le lfJ1H i 220m tce 0) c:, JJOEI 0) 1.s'r. 
� � 3 !Ii:f�k --nRIJ5E Lt�. % 6 �rv=ffi-t J: 5 i= 
P 11:!Uiirl:J<:�l�wJlli 250m tU: c: 3830m/s O)ifilt�i 
_1.i= 0) 0. 1JJlf!fJ0)1:�, � t !@i�tcet&?JiIJlbh 0 
tH 6 � P it 0) 5Elrif Llb l�l (?JJUJ!IL{� No. 95) 
Fig. 6. P wave velocity measurements 
on inland ice (Seismic Station No. 95), 
1400m above sea level. 
1-< ffii � 1� b 0 @I 1:t21Hl t }J:!,b h 0 . -f 0) 1& vi�� 5 
�H=JV::i h 0 J: 5 i=, tiz�i:=JIB&0):51/DC L t�11:!l 
7]\ifJE < 7]\, s 11:!lo)*§���lB'lv=-'Ji'])ts-:. t vi-c e:-
/J: 7]) 0 t� • 
:i:'t:9<:�Lll�lli X c:*Dfrv=�-t 01Bl?J\:l5tt13'g<A0f�pjf0) p 1JJl0)�}3t� Vx tt" 0 t, £e/1Jlli D 
c:;tHruv=ii··t 01Bl?J\11itlf < jfilA --r 01J#.� h vi 
h = ---- cosh - 1 --- .!2_ dx 1 J
D V 
n: o Vx 
-z::_tg. ;z. G h 0. Vx �% 6 � O):e-£elfJlliv=-15vt 0 5'1: O{Ht.A O)ftJl i�1- 7]) G ::Ro6 t, h �riYY1C --t 0 t, 
m 7 � 0) J: 5 tce P 1Hz0)�/3t0)¥@::5:r1f:i?Jq-� G h 0.  -:. JHitfJVJl!J,i{;i, No. 95 v=t6'vf 01u[-c 2b 0 
!Ji, Bz��}t0)1Jt\'OJlll�fitce 0 t�ffil0)1-J\!1JllJ,#,, No. 35, No. 102, No. 240 v=-15vt 0tJJ1lJO):TE:lf�rtM,,� 
�11t-tt-cicA --r 0 t, � s l�H=ffi-t J: 5 i= �:;kJeJ11JtO)/J,�1v,rffc:vi �1Jicb 01J:, £e11JMi*e:­
< tce 0 t � v= 1E: t [P] t 1tJ'ii4 0) [�U� i= uf:1t < . 1th 0) t' O)W't1J!IJ,#, C: t t::'\,, \ t� \,, \-=- 0) �IE[ WJ F'3 v:= A 0 0) 
-c,, P 1BlJ£&0)�"Jt@::5:r:{1Hi, -4-[illfwltJllJ L t�:J:{h:I:�� c vi, j�\,, ,J"frvitll;f;fri:: J: VJ 3',,:};),itce 0 -/Ji, 1!fc?; 
7 �O) J: 5 v:=1* � 50m tJJ: cvi�-C 3830m/s O)Jfil&v:=ii-t 0 t�k �h0. 
j�7�iJ)r'::>mi� 50m v=�-t 0 P 1BzO)JJ.!::lf��!t�t" 0 t  18.9msec v:=tce 0. -4-[TIJIVJllJLt� 
5 i::>c�t�1v,Bz:�t1Bz0)JE�vitliI71!1J,#, No.107 0) 288msec ccb 0-/J�, *mi 50m �;ZO)�[!t 
:5:t;ff:i��·;;m: L tritir Lt�1*� 529m v::Jt L, *lfil?J)����;j:�JtceJ£& 3830m/s t L t!t� L 
t�1* � vi 552m t tce VJ t-14% O)fi�*�� -f 0. -:. tt J: VJ :Bt1-t,Bz!H1Bz0):it�v:=Jt L -c vi, *mi 
No. 14. 1962] (1161) 
4000 
§ 3500, 
(.) 
(].) 
[/J 
�- 3000 
f
p,. 
2 2500 
I S 
.� 2000 
lOOOO 10 . 20 30 40 · 50 60 70 
Depth in meters 
�1 7 � :* IIZL1J<. q:i 0) P i1HE & 0) fil ifil :St 111 
OtJUJtUh, No. 95) 
Fig. 7. Variation of the velocity of P 
wave witli depth on inland ice (Seismic 
Station No. 95). 
41 
"' 
Q) "' 
·a 
.� 
Q) 
lOO + Station No. 35, Elevationll05m 
o No, 95, 1400m 
A No,102, 1500m 
80 • No,240, 1645m 
60 
40 
150 
Distance in meters 
200 
� s � 4 Wl rJ!IJ iI, r: *' vr 0 P l&nr:: � lib *'* 0) J:t fi<: 
Fig. 8. Travel-time curves at the four 
seismic stations. 
250 
filj\O) Jla\ T{JlU 0)1JIU.ktfu,tWc:, � oo v:::!WOC 0.88 fi&O) 1](77;lli  tB l tv, 0. -t fJ:b �' :.. :.. c: Lt 1th0) 
itl!r�O) neve 0) 50m TO)Jw77;�mr::tet1v,0tO)t}IB',:htL0, 
4-@JfifJ: 0 t-=: neve O)tJi!Bt0)1JllJ5Evi{fiJ77\:}'fJ:7J) 0 f_::77;, 7€:Wt.JL 2: fljffl L, t-it - � A 7 tlla.OC!t 
c:1JllJ5E L, t-=:iti:�H;t, m 9 � 0) J: '5 r:::tiFff, B �v: iJ)7J):h G ·f 4m 0)7*, � c:i"J -20°C t �5Ev::.tJ: 
·= 
+->. 
0. 
-5 
Q 4 
Temperature· - °C 
-10 -15 -20 
5]',; 9 � Je7�HL --c iJllJ -::i t� neve 0) ilfil.& 
Fig. 9. Temperature of neve 
measured in shot holes. 
Curve Station Time Date (G.M.T.) 1 222 1500 Dec. 7, 1960 
2 137 1340 ff 11, ff 
3 132 1620 ff ff ff 
4 117 1230 ff 12, ff 
5 112 1510 ff ff ff 
m 1 � r:ffi l t-=:WVJ{IJtJjH::.;f0v, t Bz%t1ltO)Y!Jl7JllJ77) G ;:Jt 
Y) t-=:1.kW�1· m � 2: m 10 � r::: ffi -r . A .r.tm!t 11![ 0) � �1-
0) ictl v t m 11 �C:ffi-t J: '5 fJ: t 0)--z:', � < 0):1$,it 2 
@I 0) Bz%11Bt1J;11JUJllJ � n t-=:. neve � rn:f 0) �JjJ;t 2 $ 0) 
7 )t.,-f � - 7 '2: Jliv', �;;tBRfo�tfuv::.;f0vt GA*WUJllJ 
�Mr::: J: 0 tAEE�:lfJO)tmif. 2:fitJ: 0 t;:ltY)t-=:h;, cb 
i ltJ fflOCvi J: < tJ: 1v,. t't 0 t, !Wiw v::.xtt « t-=:lJ.EE v::. t 
J: �, *�tV](.pO)�tE1Bt;.t&vt�t 3830 m/s t L, -c 
1.KWO)!t� 2:fitJ: 0 t-=:. l5?.tJIL#, No. 132 c: viUtJllJ�1t 
2:��, ictlnq'.{j.GntJ:7J)--::it-=:. m10�a:Jl0 t,u 
i!t!L#, No. 122, No. 137, No. 172 cb t-=: � r::§nt:fl· 0:.. 
t n;tu �, -f:-O)fftli: 2:t&.� 0) 1:r:::icA -r 0 t m 1 � 0) 
,#Jl c: ffi L, t-=: J: 5 v::. Si}lifi7j(V1J O)tlJfUmv::. � t-=: 0 t ,�,bn 0. 
42 
S ta t i on 
N o .  
2000 .. 
1600 
1200 
800 
4()0 
0 
� -400 
:r: 
"' t -
� 0 
L 70•31 'S 
41 ·oo'E 
E:EI 
Distance in k i lometers 
tn 10 l2J 1J<. JtJHlfr ITii [2] 
250 
L n :22 ;5. 
�5 39 b 
Fig. 10. Ice thickness profile with a vertical exaggeration of 25 times. 
Neve (J)!fil}jt t .f: h  �1�h 0 P iil (!)JlE& t (J)�J1* t:= t;tv , 0 1v ,  0 tJ:.�/JJ�i\'.;iJ:z¥iJ,n --c �- , 0 i.J\, 
:::. :::. c t;t ROBIN1) (J) 
Density ( g/crn' ) 
0 r-�o.;.=:.. 2�=0=-i--. 4-'--r-"-i
o .-"---6 --,--"-or. s
........,
-,-----c,1 . o 
10 
20 
.:: 
"' 40 
0 
50 
60 
7ol 
lq4 12 [2] 
' 
',, 
\ Ross Ice Shelf \/ 
\ \ \ 
\ \ I 
\ I 
\ \ \ I 
\ I 
\ '  
// 
l \ I Q ueer, Maud Lalll \ 1 
(/) �' JJt 0) ill 1 :r: 5t ;(jj 
I 
I 
Fig. 12. Density variation with depth 
in Seismic Station No.95. The curve 
has been deduced from the velocity­depth curve given in Fig. 7, using the equation : 
p=2 .21 X 10-4 Vp+ 0 . 059 . 
p=2.21 X 10- 4 Vp +0.059 
� J:EJ 1v '  --C ,  % 7 � O)i* � t p 1BlJlE& t (J) t�J1*iJ" t::> , 
neve O)��i& cT)l:{i � r:. J: 0 j21t � ;]tt' Y--CJ=l 0 t % 12 � 
(J) J: '5 r:. f J:. 0 . :::. (J) � v :  t ;t ,  Ross Ice Shelf z) t 
Queen Maud Land3) v ::.:tot1 0 �1J[1Jfo1 � 1JHt -C !cA 
L -C 2b 0 . :::. h � Yl 0 t :. (J)f-U!Jj (J) neve c vi ,  1ili (J) 
2 "':) (J)it!!hM (:: JtWx L -c , 1� � v: ;rJ--r 0 Wf.to)±1� LiJIJ':, 
::k e- v ,  . :::. (J) :. t 0) 5Eif>':l.:s� ts ��*j� (J) 1 "':) t L -c, HlH:: 
JZR�t.: J: '5 v.:. , -\� i t r.lJ )]�O)J.r.rfT{lllH:: t;t1*1l<.±-t!!,HB;cb 
0 :::.  t ,  i 1-.: , -'\_) i t 0.1 )]�(J)j(gf)')j7Ji7J<.Ti1 t:::\�hh--C 
1v , t-.: :if:� �ff iJ \ &) 0 :::. t tJ:. t·· t �--*- ii-h-tt 0 t , :. (J) it!! ·fW 
(J)j(�i1J<.t;t ,  j�J=::k�i 173I!fSi.J, GiJ1Ufw L -C e- t::. ?b (J) c  di) 
!'.) , i.J ,  0 -C abrasion (J) ��1-tiJ :  :1st < ;f:iJ'{;\., , -C {J(;,;f'} t:= * ITfj 
J� 7Jl "lf�7( L , .f: O){&:pJ CY accumulation ;0; Jl)y 0 -C :EJttE 
v:=3I 0 -c 1v , 0 t :;11 k tu!, :::. (J) W & 0) J:l: 11tsUJ'9 /J , � tJ:. 
ffi 11 � li!liJIJJ.#. No. 182 1:::.t-ort .::. Ettt/Bt())i!liJIJlac!t 
Fig. 11. Reflection shooting record at Station No. 182. 
ffi 13 � li!li.lllJ ...'i. No. 240 1::: .t-ort' r.i !V!i.llllacil 
Fig. 13. Seismic record at Station No. 240. 
43 
--C 2b �:,I. J i ,  � iiil, t.J *IJ 0 J: '5 r:J &t{&*� 0.35sec -c\BtMiBU,i��b:h , -t O) :f& 0.55sec il ,  Gm'&!� 
fJ:1&:JJifl:b:h 0 .  IP] t J: 5 tJ:;j:§Hi 2.05sec, 2.27sec, 2.47sec r: t 2b 0 .  0.55sec t 2.05sec 0) 
F1cm:: t [PJ;f,jO);j:§7Ji 2b 0 c: ,\!!,:b :h 0 7Ji, J 1 ;;;( v:: iflf 2- :h --C Sjj�--C vi tJ: v, . � O)if§O);E� *'* � 1f.v, 
--c h.  0 c: ,  v , f  :h t OOJI c: tJ: fJ ,  -t O){!:J'i#4il· G, � 0)1BlO)�&vi 1754m/s c: )}t cV) G :h 0 .  -t 
Cl)*� 2' vi s 1Bl0):fl£I&--C 2b Q .  -t � --c � :h G O)fBHi, :lrHJJO)�Mn:: J: 0 l �1�0)pfr0)7JO::* � 
tJ:�l'Hi�Jtl.ii�� fJ ,  -t � v::Jf ;z G :ht-:Bzm::fJ l.iiFs9�1¥J�::M1i5r 2- :h. 0 *!* c: L t:'i:f 0 t 0) t 
� :z G :h 0 . � O)tjf;-, J;t::fJ 0) �f Plr,r Fs9 n i 2sec v:: ?b Ji i" 0 c: v,  5 0) vi, 7JO:: 0 v ,  --C O)�� 0) 
��--C%1 G :ht-: 1) 0)v::Jt� 0 c: *� � � 0  J: 5 �::}/!:,:b:h 0 JJi, � :h c: �fW0)1filJ�v::J: fJ Fs9!xl¥J 
tJ:&::JJt::fJ � ffi-tl ;tJi.W& 0.4 J;JJ::O)fJ��::t!tl6 G :h 0 � c: 2:*T4) i7ifR15- l --C v, 0 .  i t-: � 
O)�, llifJ O)��v:: J: Q ,#J'tffr-!¥JtJ:1.!fir� ('. �tJ: 0 --C , �JJJO)�n/t--C -t  � v:: �;f,J--C tJ:\t ,&[±.lili� 
� 0 c: -t :hv!, PJ1:&a���1fl¥JtJ:!11!{ t tJ: 0 t-: tl6 s 1&:ililflli�v::ft:bn 0 --C 2b0 5 • � �  n � s 
1Bl t l --C , � O):L't! t#, 0) P 1BlO)J!i_l 3846m/s c: JJ •  G :f 7 ,1 'J :.,, J:l: � >}ttlt)-C dj. 0 c: 0.37 c: fJ: 0 .  
J.;_,,U: 0) J: 5 tJ:1&:vi{fuO) neve rt! rff¥0)fUJIJ,#,v::�v, --c t :fl G :h t-:1J1J I.ii 2b 0 JJi, BzM1Bl0)11Jl1JIJO) 
�H::a, :a- trace Fs9v:: mixing � iJ.(1 --C � fJ ,  JeM[.JL t 2 1iffi1-t,--c 1-t, 0 0) --C ,  � O);j:§� �tOOt 
v::�;t;f,§t/±I --C � tJ:il •0f-: . 1l1ktt!rl,iO)W\!1HIJ,#, No. 240 O)tJ'§-vi, t: it-: i mixing fJ: l --CJeM[ 
.JL t 1 1m1--c 2b 0 t-= t-: tl61'if v:: i!! � �: :i:i n n t-= t 0) t ,\!!, n n 0 . 
8. fi 
tJUfl1J1J1J l.!ij,' tJ: 7] ,  0 t-= I.ii, mirmEt c: 1z1H� c: 0)11Jl1J1Jn, G ,  � J:t� i t r11 IDfdtj[j:O) *�i1kO)ix� 
2�9:-o 0 � c: l.!i--C � t-: . 4'ifv::.W/Jt0)�: [f=I5t111v:: � O)f-tl!,M¥0)1'ifJHinia.itl6 G nt-:1.ii, t-t!!mt1Etv:: J: 0 
.WJJtO)t1t5£v:: vi, "', < 0n ,  O)ffx5£JJi% i :h -c "',  0 0) --C ,  J!v::�J:Jtv:: J: 0 -W/JtO) �iJ!IJJJi� i n  0 
Ffr--C 2b 0 o tJ:�, � O)t-t1!7*0)*�11](0)�*4 �fil:1�H�1*:1'GFJrv::�i:J1w 0 --C v, 0 0) --C ,  -t 0)%.J'[1: 
� i:: 0 � �1&1*J'G � � 67) t-: \., ' 
*t � r:, ::::. 0)1tiJi!i'.fiU11:*t:1Jt� � tLt:: .1�m�t11�:15t2:- ti t&7>,  *u1� Ej:l-f-i!�, >'* ilr�iL 1tmUo.e�. 2rrn 
>R::K, 1*tffl�5150):e-�1E1itfi�J�O)ffi sv:� < :rlntLl=J=! lcbv:f'i -t .  
1) G. De Q. Robin : Seismic Shooting and Related Investigations. Norwegian-British-Swedish 
Antarctic Expedition, 1949-52. Scientific Resalts, 5. 
2) James H. Zumberge, Mario Giovinetto, Ralph Kehle and John Reid : Deformation of the 
Ross Ice Shelf near the Bay of Whales, Antarctica. IGY Glaciological Report Series No. 
3 (May, 1960). 
3) l) t [P] t .  
4) Seiiti Kinosita : Break-Down of Snow by Impulsive Force III. Low Temperature Science, 
Ser. A, 16 (1957). (1961 i:p 10 Jj 23 S :x:f!f!) 
